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period of gestation," thus predicating a specific sexual difference. 3~ays,* from a study of Indian girls, concludes that the difference between the movements of civilized males is due to differences of constriction. He shows tracings in which the abdominal movement is four or ilve times the thoracic as typical of the normal relation, and adds " the diaphragm has the power of more than doubling the chest capacity, and it is, therefore, the most essential factor of respiration." Kellogg t gives tracings of males and females having the same general appearance as those shown by 3/lays, and reaches similar conclusions. Wilberforce Smith,~: on the basis of a series of observations, decides that there is no sexual difference; Foster, Rosenthal, and Carpenter conclude that a sexual difference exists; Waller and Kirk maintain that any observed differences are due to habits of dress.
Ignoring specific sexual differences, there can be no doubt that dress must interfere with the movements of the diaphragm and the lower ribs in those cases where it takes the form of tightly laced corsets, heavy skirts hung from the waist by bands, and belts tightly drawn or loaded with ornaments. This restricting influence of dress is an immediate effect, and may disappear when the tight bands are removed or loosened. On the other hand, permanent reduction of abdominal movement by constriction must be due to a change in the nervous control of the respiratory muscles toward a new co-ordination requiring less muscular effort. # This change of co-ordination forced upon the motor respiratory centres becomes fixed in habit in proportion to the severity and duration of the constriction and the nervous sensibility of the individual. It is impossible to determine the degree of constriction, since the clothing which produces it will * An Experimental Inquiry into Chest Movements of the Indian Female. Therapeutic Gazette, May, 1887 A preliminary investigation with a belt dynamometer showed that the diaphragm is strengthened rather than weakened by the abdominal resistance offered by corsets, etc. make difficult the use of recording apparatus, and will render the tracings valueless. For example, a pneumograph over a stiff corset may show no movement while evidences of increased abdominal pressure may be secured by a manometer connected with an air bulb in the rectum (Kellogg). We may take this as evidence that any extra' space inside the corset or below it is used in respiration. Again, a pneumograph over folds of thick clothing may not show the real enlargement since part or all of it can be taken up by the clothing. Any record, therefore, with clothing which constricts or cushions the abdomen must be looked upon with suspicion. The immediate interference of dress with the movements of respiration depends so largely upon individual habits in regard to abdominal pressure and the results are so hard to determine for reasons noted above that this study of its influence was llmited to the permanent or inhibitive effects, thick clothing and corsets being removed and belts loosened.
In this study simultaneous movements of the thorax and abdomen were recorded by means of belt pneumographs applied over the regions where motion was greatest. No anatomical landmarks were used, for it was soon found that there was considerable individual showing structure. variation in the level of greatest movement. Two pieces of thin rubber tubing, each about fifteen inches long and one inch in diameter, were made into pneumographs (Fig. 1) by the insertion of light coils of wire,* and the addition of a chain by which they were held in place around the body and adjusted for varying circumferences. One end of the tube was closed, the other connected by smaller tubing with a modification of the Ellis piston recorder (Fig. 2) , which made tracings corresponding to variations in girth. On account of the length and elasticity of the tubing, the pressure of the pneumograph was too slight to be noticed, all enlargement was faithfully taken up, there was no inelastic resistance and no difficulty or delay in adjusting it to any subject. The volume of air introduced by thoracic movement was to that introduced by the abdominal as 1:0.52 for one subject, and as 1:0.68 for the other.
Five movements of the piston recorders corresponding to the increased girth of thorax and abdomen in five successive respirations of each individual were measured in millimetres. That part of the tracing was chosen for measurement in which the movements were most regular, and seemed to be most characteristic. To avoid confusion arising from individual variations in depth of respiration, the relation of thoracic to abdominal movement is expressed in the form of a ratio secured by dividing the number representing the chest increase by the number representing the abdominal increase; thus, Th 15 --0.75. The respiratory ratio is less than unity for all indiAb 2O viduals in whom the abdominal movement is greater than the thoracic, and greater than unity in all those in whom th6 abdominal movement is less. The records are arranged in the tables according to the Th value of the respiratory ratios A--b"
The conclusions of this paper are drawn from a study of four hundred and seven respiratory tracings secured from boys and girls, young men and young women, and from individuals of various races found in Chicago during the World's Columbian Exposition.* Lack of space makes it impossible to publish the complete series of records, but in Tables I to IV are given the individuals of certain groups, s~lected because they are typical or contribute elements which have been considered factors in determining respiratory types. In each table the records are arranged according to the value of the respiratory ratios, beginning with the lowest. The sums of five consecutive thoracic movements, those of the corresponding abdominal movements and the respiratory ratios are entered in parallel columns with certain other items, as age, childbearing, corset-wearing, etc.
:Plates XXXIV to XXXVI t contain distribution curves plotted for each group, the unit of distribution being a difference of 0.5 in respiratory ratio. The curves contain all the records with respiratory ratios less than 4.25 in value, and the percentage of the observations having ratios higher than 4.25 is represented by a vertical line at the end of tile curve. As may be seen by reference to Curves I, III, and V, very symmetrical curves of distribution have resulted with only moderate numbers of observations. This leads us to the conclusion that a type of breathing exists which will be true for the majority of any large natural group in spite of individual variations in ratio and depth. Curve VII is an attempt to secure a distribution curve for the respiratory ratios of those females who gave a direct history of constricting dress. It will be seen that there is no mean even with the large unit of distribution. A certain proportion of the ratios fall at various points between 0.0 and 4.25, and, as may be seen by reference to Table III , the ratios above 4.25 (forty-three per cent of the total) were scattered even more irregularly than were those below. We judge, then, that the effect of constriction to the abdomen, not necessarily by corsets and in our subjects very rarely so produced, is to diminish the proportionate movement of the abdomen, and to destroy the natural grouping of the individuals so affected. To show that the unit of distribution chosen is abundantly large, it may be stated that a smooth curve of distribution results in the case of schoolboys and college men with a unit of 0.2 in place of the one of 0.5 which we have used. Curves VI and VIII show the distribution curves of two classes of constricted individuals, Curve VI from the records of twenty-four male Syrians (Bedouins, Turks, etc.) and Curve VIII from the tracings of fifty-two American women, both mixed so far as the effects of constriction are concerned. The abdominal movements of the Syrians had been restricted by tight swathing in childhood and long, tightly wound belts in adult life, while many of the American women had similarly interfered with their respiratory movements by corsets and skirt bands. Certain individuals in both groups were known not to have been seriously constricted, but it was impossible to separate them from the constricted on the evidence available. The curves are flat~ a certain proportion of the ratios occur above the limit and the means are decidedly higher than in Curves I and III. There is a great contrast between these and Curve ~II and this would seem to be due to the fact that both constricted and unconstricted individuals are included in the former. The differences between these curves and those for clearly unconstricted groups will be seen in Curve IX on which the curves of schoolboys, college men, constricted males and American women have been plotted for direct comparison. Nearly the same percentages of the four groups have ratios at ~ 1.0, the mean for the two groups under consideration, and we may consider that those percentages corresponding to the portion of the unconstricted groups outside of the lower part of the constricted curves have been pushed into the upper • part of the curves and beyond by the constriction. It would seem, therefore, that the occurrence of an apparent mean for the Syrian men and American women at a higher value of the respiratory ratio than for college men is probably due to the combination of respiratory ratios of unconstricted individuals who have naturally a greater relative movement of the thorax than the average, with ratios of others in whom constriction has changed the respiratory co-ordination to a higher level. We are thus forced to regard the means in these curves as having no value in determining the natural relation between thoracic and abdominal movements in respiration. The remaining curves (II and IV) also show the presence of constriction. The principal evidence in Curve II is the higher level of the mean and the greater breadth of the top of the curve. In Curve IV the mean is at a lower value than in Curve II, but the curve beyond the mean drops much more slowly than in an unconstricted group. A small percentage of ratios in each case falls outside the limits.
The absence of notable constriction caused both groups to be regarded as unconstricted, but the analysis of the distribution curves shows that this is not true and proves that even an inelastic string * tied about the waist may modify the respiratory ratio. as typical of male respiration in which the abdominal movement was from two to five times as extensive as the thoracic, and as typical of the female type tracings in which the chest movement was correspondingly greater. This "female type " 3iays and Kellogg have demonstrated to exist among civilized women only in whom constrietion by corsets has effected a change in the natural relation of the movements. These tracings suggested the analysis of the groups into three parts (Table V) : Those in whom the abdominal movements were at least double the thoracic; those in whom the thoracic were at least double the abdominal; and those lying between these extremes. In this table the first column shows the total number of observations for the special groups; the second, the percentage of those whose ratios fall below one half; the third, the percentage of those whose ratios fall between one half and two; and the fourth column, the percentage of those whose ratios fall above two. It is interesting to note that the respiratory ratio in the greater percentage of males and females lies between 0.5 and 2.0. Seventy-five per cent of the forty-four females from the World's Fair who gave a history of having worn constricting dress show a thoracic movement two or more times as great as the abdominal. In no other group, however, do we find so large a proportion as this and it is among the Syrian men from whom we got a history of constricting dress that we find the nearest approach to it (forty-two per cent). Among these men, however, fifty per cent of the ratios fall between 0.5 and 2.0. In the last two columns of Table V will be found the percentages of those whose ratios fall below and above unity.
Schoolboys, college men and males with uneonstricting dress show a distinct tendency to an excess of abdominal movement. Females with constricting dress give a large proportion of thoracic movement; American women a moderate preponderance; schoolgirls, females with unconstricting dress and males with constricting dress have about equal numbers in each group.
T)fe .Male Type.--In the records of schoolboys and college men
we have the best evidence at our disposal of the normal type of male respiration. The mean value of the respiratory ratio for each of these curves occurs at 0.5, the median value for the groups being 0.63 and 0.65 respectively. In tile curve of unconstricted males it may be noted that the mean respiratory ratio is at a distinctly higher point than in the curve of American men; but, since these records are not consistent with the others, it seems best to base our conclusions upon results obtained from the larger groups on the ground that the discrepancy probably is due either to the small nmnber of observations (twenty-two) or to slight constriction by waist cords or bands. It. appears, therefore, that the normal type of respiration for males is one in which the thoracic movement is between one half and two thirds as great as the abdominal.
L~ect of Uonstriction.--The change produced by constriction
of the abdomen has been noted in the study of Curves II, VI, VII, and VIII. The apparent effect in any group, every member of which has been subjected to a considerable degree of constriction, is to destroy the normal relation between thoracic and abdominal movements and to cause for each individual an irregular diminution of the abdominal movement in proportion to the extent of the constriction and the sensitiveness of his nervous co-ordination.
Se.~ual Differences.--We have noted evidences of constriction in each of the distribution curves of females. The mean value of the respiratory ratios secured from the l~Iidway females with uneonstrieting dress (Curve IV) is 0.5, the same as that for schoolboys and college men. In these females the evidence of constriction is to be found in the less rapid fall of the curve above the mean, which raises the median value for the group to 1.12. The mean for schoolgirls and American women is 1.10, the median being 1.02 and 1.25 respectively.
A comparison of the males with constricting dress and the American women is of value since these two groups are practically identical in respect to constriction, each containing individuals whose respiratory movements have been practically unconstricted and others who have been bound. The statement that they have been considered constricted on the basis of inquiry into their mode of dressing, and not from a study of the tracings, may need repetition. Their distribution curves (VI and VIII) and percentages in Table V show the same characteristics, and this correspondence seems to indicate that the inhibiting influence of dress is in result the same in males and females and, as a corollary, that the natural breathing is the same in both. All the evidence goes to prove that constriction is very effective in changing the relation between thoracic and abdominal movements in respiration, but that sex has played no part in producing the differences in type which have been attributed to it. Table I the ages of the schoolboys are given. The larger number of the younger boys is found among the first seventeen of the thirty-five in the group, demonstrating for them a greater proportionate abdominal excursion. A similar predominance may be found in schoolboys as compared with the college men, for sixtysix per cent of the schoolboys are included within the largest group of respiratory ratios, while only fifty-two per cent of the college men fall within the same limits. In Table II we find that the few young children are easily within the first half of the table. These facts may be explained either by the greater tendency in childhood to depend upon ligamentous support of trunk and head and the use of the diaphragm exclusively for breathing, which tendency is lost when the conventional ideas of form are developed resulting in an erect carriage with full muscular support; or by the presence of constriction sumcient to interfere with the respiratory co-ordination.
Age.--In
CMldbearlng.--That childbearing has little permanent effect upon the respiratory ratio may be seen from Tables II and III, in which the records of women who have borne children may be found distributed throughout the tables. Any tendency to thoracic breathing inherited as a "reservation against the period of gestation " would certainly be increased by the repeated occurrence of such condition. Table VI will be found an attempt to determine the correlation between respiratory ratios and certain physical measurements of groups for which they were obtainable. The numbers which appear in the columns Height, Weight, etc., are the aver-ages of the measurements of individuals in the groups indicated by Th the limiting values of ~[~. The nmnbers in parentheses accompanying these give the number of individuals in each group. Heights, girths and depths are given in eentimetres; weight in kilogrammes; capacity of lungs in cubic inches. Total strength is conventional and is obtained by adding together the strength of lungs, back, legs, forearm, and a value for strength of upper arm obtained by multiplying the number of times the person can pull himself up and push himself up into one tenth of his body weight.
Correlat~on.*--In
The table shows that there is some relation between the respiratory movements and the various measurements. In the college students the chief thing to be noticed is that those who have a ratio Th 0.8 to 1.2 are the largest men in every way. A comparison of the Ab average measurements, lung capacity, girth of chest, etc., with those of the other groups shows that they are related directly as their heights, that is, are large men, and have other measurements in proportion. Of the American women, those who breathe abdominally are heavier, and have correspondingly greater measurements, while those with chest movement in excess are lighter and have smaller measurements. There is here again a suggestion of the physical Th superiority of the group ~ 0.8 to 1.2.
It is not possible to emphasize more strongly the results of this study of correlation because of the large average variation and the small number of observations for analysis, but at some future time more may be attempted in this direction.
CONCLUSIONS.
1. Children of the two sexes differ very little in the character of their respiratory movements.
2. Between girls and women and boys and men there is little or no difference in respiratory type.
3. Childbearing does not permanently affect respiration.
4. The natural type of respiration for both sexes is one in which the lhovement is fairly equally balanced between chest and abdomen, the abdominal being somewhat in excess.
5. In typical unconstricted individuals the chest contributes about the same bulk of air as does the abdomen.
6. Constricting dress causes preponderance of thoracic movement in ratio to its restriction of abdominal movement and to the sensitiveness of the nervous co-ordination. 
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